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Major limitations of conventional zinc-based alloys
containing 8±28 wt % Al, 1±3 wt % Cu and
0.05 wt % Mg have been observed to be dimensional
instability because of the presence of copper beyond
1 wt % [1, 2] and inferior elevated-temperature
properties [1, 3]. The remedial measures suggested
to reduce the problems have been to replace the
element (i.e., copper) partially with high-melting
elements, in which thermally stable microconstitu-
ents are formed [4±9], as well as heat treatment of
the alloys [5, 7, 10, 11]. However, in spite of
tremendous potential in this direction, limited studies
have been carried out to understand the response of
the alloy system especially with respect to the effect
of heat treatments on their tensile properties [2, 10,
12, 13] while information pertaining to the effects of
the heat treatment in the presence of silicon or
nickel seems to be almost absent.
In view of the above, an attempt has been made in
this investigation to examine the in¯uence of heat
treatment on the tensile properties (strength and
elongation) of some zinc-based alloys in which
copper has been partially replaced by silicon plus
nickel under the conditions of varying strain rate and
test temperature. A nickel-and-silicon-free alloy
similarly processed was also subjected to identical
test conditions to assess the effects of substituting
copper by nickel plus silicon.
The alloys (Table I) were prepared by liquid
metallurgy route in the form of cylindrical castings
20 mm in diameter and 150 mm long. Microstructur-
al studies were carried out on samples 15 mm thick
after polishing them metallographically and etching
with diluted aqua regia. A T6-type heat treatment of
the alloys was carried out in an electrical furnace.
The treatment involved solutionizing at 370 8C for
10 h followed by ageing at 180 8C for 8 h. The
specimens were quenched in water to bring them
from the treatment temperature to ambient tempera-
ture. Tensile tests were carried out on specimens
having 4 mm gauge diameter and 22 mm gauge
length. The (tensile) test parameters selected were as
follows: strain rates of 3:8 3 10ÿ4, 1:52 3 10ÿ3,
1:52 3 10ÿ2 and 1:52 3 10ÿ1 sÿ1 at ambient tem-
perature (35 8C); test temperatures of 35, 60, 100,
150 and 200 8C at a strain rate of 1:52 3 10ÿ3 sÿ1.
The microstructure of the alloys is shown in Fig.
1. The as-cast nickel-and-silicon-free alloy revealed
primary á dendrites, eutectoid á ç and metastable
å (Fig. 1a, region A, region B and region indicated
by an arrow, respectively). The as-cast specimens
alloyed with silicon plus nickel also possessed
features (Fig. 1b) identical with those of the
nickel-and-silicon-free samples (Fig. 1a) except that
a nickel-containing compound and silicon particles
were also observed in the former case (Fig. 1b,
regions C and D, respectively). Further, the presence
of less å-phase was also observed in the former case.
Heat treatment of the samples caused their dendritic
structure to break and generation of re®ned and
more uniformly distributed microconstituents (Fig.
1c and d) in which the morphology of the nickel-
plus-silicon-containing phases remained almost un-
affected (Fig. 1d, regions C and D). Detailed
microstructural analysis of the alloy system has been
carried out elsewhere [6, 7, 10].
Tensile properties of the alloys are plotted as
functions of strain rate in Fig. 2. It may be noted that
the strength as well as the elongation increased with
increasing strain rate (Fig. 2a and b, respectively).
Moreover, heat-treated samples attained lower
strength but better elongation compared with their
as-cast equivalents. Further, the presence of silicon
and nickel caused the tensile properties of the alloy
system to deteriorate.
Increasing the test temperature caused the tensile
strength of the alloys to decrease (Fig. 3a); the extent
of this was less for the silicon-plus-nickel-containing
alloy than the samples without these elements. On
the contrary, elongation of the alloys increased with
increasing temperature (Fig. 3b). Further, heat
treatment led to higher elongation of the (as-cast)
alloys.
In zinc-based alloys, the á- and ç-phases exhibit
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TABLE I Chemical compositions of the zinc-based alloys
Specimen Amount (wt %) of the following elements
Zn Al Cu Mg Ni Si
Nickel-and-silicon-free alloy Balance 27.5 2.5 0.03 Ð Ð
Silicon-plus-nickel-containing alloy Balance 27.5 1.0 0.03 0.9 1.0
1890
Figure 1 Microstructure of (a), (b) the as-cast and (c), (d) the heat-treated zinc-based alloys containing (a), (c) no nickel and no silicon and (b),
(d) nickel plus silicon. A, primary á; B, eutectoid á ç; arrow, å; C, nickel-containing phase; D, silicon particle.
Figure 2 Effects of strain rate on (a) the ultimate tensile strength and (b) the elongation of various zinc-based alloys at room temperature (35 8C).
(s), as-cast nickel-and-silicon free alloy; (d), heat-treated nickel-and-silicon free alloy; (,), as-cast nickel-plus-silicon-containing alloy; (.), heat-
treated nickel-plus-silicon-containing alloy.
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load-bearing characteristics [14]. Their ductile nature
enables them to accommodate harder microconsti-
tuents such as silicon-plus-nickel-containing phases
[8, 9]. The latter impart thermal stability to the alloy
system [8, 9] and carry load but also introduce a
microcracking tendency [15]. It may be noted that,
under low-temperature conditions, the microcracking
tendency dominates the behaviour of the alloy
system [15]. On the contrary, high-temperature
situations improve the capability of the (softer) á-
and ç-phases to accommodate the (relatively less
compatible) nickel-plus-silicon-containing phases
[8, 9]. Accordingly, the harder, thermally stable
constituents such as nickel-plus-silicon-containing
phases participate in load transfer more effectively.
Available information suggests that strain hard-
ening and microcracking tendency are two important
parameters which control the tensile properties of
materials [16]. Strain hardening arising out of a high
dislocation density during tensile loading leads to
improved tensile properties while the microcracking
tendency produces a reverse effect [16±20]. As the
strain rate increases, the higher cross-head speed
involved allows increasingly less time for the applied
stress to be carried by the whole gauge area.
Obviously, stronger regions and phases in the gauge
area would participate more actively during the
process of deformation, thereby making the negative
in¯uences of the crack-sensitive nature and weak
regions and phases of the gauge surface less
effective [16]. However, at lower strain rates, the
latter aspects also contribute adversely to the overall
performance of the specimens to a greater extent
because more time is available during the tests [16].
Accordingly, tensile properties improved with in-
creasing strain rate (Fig. 2).
The increased crack-sensitive nature of the silicon-
plus-nickel-containing phases [8, 9] led the nickel-
plus-silicon-containing samples to exhibit inferior
tensile properties to those without silicon plus nickel
(Fig. 2); the crack-sensitive nature becomes more
effective at low test temperatures [8, 9]. However,
the nickel-plus-silicon-containing microconstituents
also attain better thermal stability, which becomes
dominant at higher temperatures. As a result, the
presence of these elements reduced the strength as
well as the elongation of the alloy system at low test
temperatures (Fig. 2) while the trend tended to
reverse at elevated temperatures (Fig. 3). Moreover,
re®ned microconstituents where were distributed
more uniformly in the matrix in the heat-treated
samples (Fig. 1c and d) caused their strength to
deteriorate and elongation to increase (Figs 2 and 3)
in view of their relieved stress and reduced hardness
over their as-cast state [6, 7, 10, 11].
An appraisal of the observations made in the
present study indicates that the nature of various
microconstituents greatly controls the tensile proper-
ties of the alloys. Important factors in this context
include thermal stability, compatibility and micro-
cracking characteristics of the phases. However, the
predominance of the factors is controlled by the test
parameters such as strain rate and temperature. Thus,
the combination of the material and the test
conditions together greatly governed the overall
response of the alloy system.
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